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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
method for designing a screw type conveyor 
having a high conveying efficiency. 
SOLUTION: The method for designing the 
conveyor having a screw conveyor for lifting the 
subject to be conveyed and a pushing screw 
conveyor for pushing the subject to be conveyed 
into the lifting conveyor includes determining a 
necessary pressure curve showing the necessary 
pressure within a lifting cylindrical casing and a 
generated pressure curve showing the pressure 
generated within a pushing cylinder casing, 
from an equation showing pressure at a certain 
position of the subject to be conveyed which is 
packed in the cylindrical casings; then determining, using a discharge efficiency curve, 
a discharge angle which corresponds to design discharge efficiency; determining the 
pressure needed for lifting, based on the necessary pressure curve which matches the 
discharge angle; generating the generated pressure equal to or greater than the 
required pressure in the pushing conveyor,* and determining the rotation speed of the 
screw of each of the lifting and pushing conveyors based on the discharge efficiency, 
design discharge efficiency, and design amount of conveyance of the pushing conveyor 
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matched the generated pressure. 



CLAIMS 
[Claim(s)] 

[Claim l] The screw conveyor for a transfer by lifting which it comes to arrange free 
[ rotation in tubed casing toward which the screw for a transfer by lifting inclined ], It 
has the screw conveyor for pushing which it comes to arrange free [ rotation in tubed 
casing by which the screw for pushing has been arranged almost horizontally ]. With 
and this screw conveyor for pushing It is the design approach of the screw-type 
transport device which were and transported it made to lift after it pushed in the 
conveyed object and the conveyed object had been full within the above-mentioned 
inclination tubed casing in the above-mentioned screw conveyor for a transfer by lifting. 
The following formula showing the pressure (PL) in the arbitration location of the 
conveyed object which it wars full of within tubed casing obtained from keeping of the 
force in the direction of a revolving-shaft alignment of the screw in tubed casing, and 
keeping of the force in the rotation circumferencial direction of a screw By a conveyed 
object being full and deforming using the conditions of being PL>=0, within tubed 
casing While asking for the need pressurization curve which shows the relation between 
a drained angle of repose theta and the need welding pressure within inclination tubed 
casing, and the generating pressurization curve which shows the relation between a 
drained angle of repose theta and the generating welding pressure in level tubed casing 
While asking for the discharge efficiency curve which shows the relation between the 
above-mentioned drained angle of repose theta and the discharge effectiveness eta and 
asking for the drained angle of repose corresponding to predetermined discharge 
effectiveness based on the above-mentioned discharge efficiency curve While asking for 
welding pressure required for a transfer by lifting from the above-mentioned need 
pressurization curve according to this drained angle of repose and making it generate 
the generating welding pressure more than this welding pressure with the 
above-mentioned screw conveyor for pushing It responds to this generating welding 
pressure. From the above-mentioned generating pressurization curve and a discharge 
efficiency curve The design approach of the screw-type transport device characterized 
by searching for the discharge effectiveness in the screw conveyor for pushing concerned, 
and asking for the rotational frequency of each screw in the above-mentioned screw 
conveyor for a transfer by lifting, and the screw conveyor for pushing from the relation 
between each discharge effectiveness and the amount of design conveyances further. 
[Equation l] 



However, the semantics of the notation in the above-mentioned formula is as follows. 
C: constant = (Dbr2H) - /DbDfrscrew outer-diameter E:constant = (Db-H) /DbH:screw 
channel depth K^coeffieient-of-lateral-pressure = (l-sin2phii/l+sin2phii) 
L: pressure e:screw wing thickness t:screw pitch alphab: in the pressure PCKconveyor 
inlet port in screw conveyor effective length PL:conveyor die-length L - angle-of-torsion 
theta^drained-angle-of-repose phi: of the angle-of-torsion alphar^screw shaft diameter of 
the angle-of-torsion alpham:screw pitch diameter of a screw outer diameter - express 
coefficient of friction of the object of the object of a screw conveyor conveyed [ tilt-angle 
mubO, and a tubed casing inside conveyed [ coefficient- of- friction musO, and a screw 
wing side, respectively. 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the design approach of a screw-type 

transport device. 

[0002] 

[Description of the Prior Art] While a screw conveyor is used when ****(ing) the earth 
and sand discharged from tunnel excavation construction of large depth, the ore in a 
boathouse, a particulate matter (grain is included), etc. for example, conveyance 
(transfer by lifting) is mostly performed in the direction of a vertical. 
[0003] And in the case of the screw conveyor which performs conveyance on such a steep 
slope, conveyance was performed after the conveyed object had been pushed against the 
casing inside by the centrifugal force based on rotation of a screw wing. 
[0004] 

[Problem(s) to be Solved by the Invention] According to the screw conveyor mentioned 
above, the conveyed object had problems, like the noise at the time of operation is loud, 
in order for the screw itself to rotate at a high speed like for example, 500RPM, while a 
vertical plane will be mostly gone up after having been pushed against a casing inside 
by the centrifugal force, therefore the rate of fullness within casing falls, and 
conveyance effectiveness worsens and wear of the conveyor itself progresses early. 
[0005] Then, this invention aims at offering the design approach of a screw-type 
transport device with sufficient conveyance effectiveness. 
[0006] 

[Means for Solving the Problem] In order to solve the above-mentioned technical 
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problem, the design approach of the screw-type transport device of this invention The 
screw conveyor for a transfer by lifting which it comes to arrange free [ rotation in tubed 
casing toward which the screw for a transfer by lifting inclined ], It has the screw 
conveyor for pushing which it comes to arrange free [ rotation in tubed casing by which 
the screw for pushing has been arranged almost horizontally ]. With and this screw 
conveyor for pushing It is the design approach of the screw-type transport device which 
were and transported it made to lift after it pushed in the conveyed object and the 
conveyed object had been full within the above-mentioned inclination tubed casing in 
the above-mentioned screw conveyor for a transfer by lifting. The following formula 
showing the pressure (PL) in the arbitration location of the conveyed object which it was 
full of within tubed casing obtained from keeping of the force in the direction of a 
revolving- shaft alignment of the screw in tubed casing, and keeping of the force in the 
rotation circumferencial direction of a screw By a conveyed object being full and 
deforming using the conditions of being PL>=0, within tubed casing While asking for 
the need pressurization curve which shows the relation between a drained angle of 
repose theta and the need welding pressure within inclination tubed casing, and the 
generating pressurization curve which shows the relation between a drained angle of 
repose theta and the generating welding pressure in level tubed casing While asking for 
the discharge efficiency curve which shows the relation between the above-mentioned 
drained angle of repose theta and the discharge effectiveness eta and asking for the 
drained angle of repose corresponding to predetermined discharge effectiveness based 
on the above-mentioned discharge efficiency curve While asking for welding pressure 
required for a transfer by lifting from the above-mentioned need pressurization curve 
according to this drained angle of repose and making it generate the generating welding 
pressure more than this welding pressure with the above-mentioned screw conveyor for 
pushing It responds to this generating welding pressure. From the above-mentioned 
generating pressurization curve and a discharge efficiency curve It is the approach of 
searching for the discharge effectiveness in the screw conveyor for pushing concerned, 
and asking for the rotational frequency of each screw in the above-mentioned screw 
conveyor for a transfer by lifting, and the screw conveyor for pushing from the relation 
between each discharge effectiveness and the amount of design conveyances further. 
[0007] 

[Equation 2] 



However, the semantics of the notation in the above-mentioned formula is as follows. 
C: constant = (Dtr2H) - /DbDb:screw outer-diameter E:constant = (Db-H) - /DbH:screw 
channel depth ICcoefficient-of- lateral-pressure = (l-sin2phii/l+sin2phii) 
L: pressure e^screw wing thickness t^screw pitch alphab* in the pressure PCKconveyor 
inlet port in screw conveyor effective length PL:conveyor die-length L - angle -of-torsion 
theta:drained-angle-of-repose phi: of the angle -of-torsion alphar^screw shaft diameter of 
the angle -of-torsion alpham^screw pitch diameter of a screw outer diameter express 
coefficient of friction of the object of the object of a screw conveyor conveyed [ tilt-angle 
mub:], and a tubed casing inside conveyed [ coefficient-of-friction musO, and a screw 
wing side, respectively. 

[0008] According to the above-mentioned design approach, from the need pressurization 
curve in the screw obtained from the formula showing the pressure in tubed casing in 
the condition that the conveyed object was full While asking for the need welding 
pressure in the screw conveyor for a transfer by lifting corresponding to predetermined 
discharge effectiveness A transfer by lifting can be ensured [ efficiently and ] by asking 
for the engine speed of a screw from a discharge efficiency curve in the condition of 
having made the conveyed object full by making the screw conveyor for press driving 
the thrust exceeding this need welding pressure being also. That is, it can lift and 
transport that low-speed rotation is also, therefore conveyance effectiveness is good 
compared with the case where a conveyed object is lifted and transported in the 
condition with a clearance within tubed casing, and wear of machines can also obtain a 
screw-type transport device with little noise few. 
[0009] 

[Embodiment of the Invention] Hereafter, the design approach of the screw-type 
transport device in the gestalt of operation of this invention is explained based on 
drawing 1 - drawing 5 . 

[00 10] First, the outline configuration of the screw-type transport device concerning this 



invention is explained based on drawing 1 and drawing 2 . This screw-type transport 
device 1 is formed in the material handling attachment 4 for unloading the particulate 
matter (an example of a conveyed object) J loaded in boathouse 2a of a cargo boat 2 in 
the hopper 3 for a reservoir in which it was prepared at Quaywall (land) G. It consists of 
a screw conveyor 5 for a transfer by lifting which is mostly arranged in the direction of a 
vertical and conveys a particulate matter J from a lower part to the upper part 
(henceforth a transfer by lifting), and a screw conveyor 6 for pushing for being arranged 
almost horizontally and pushing in a particulate matter in the lower part of the 
above-mentioned screw conveyor 5 for a transfer by lifting. 

[0011] In addition, the gate type track frame 11 whose transit on the guide rail prepared 
in material handling attachment 4 along with the cargo boat 2 which came at Quaywall 
G was enabled, The girder material 12 installed on the cargo boat 2 which came 
alongside the quay from the quaywall while being prepared above this track frame 11, 
The screw conveyor 5 for a transfer by lifting supported by the supporter material (not 
shown) which hung from the point of this girder material 12, The collection machine 13 
which is formed in the lower limit section of the above-mentioned supporter material, 
and collects the particulate matter J in boathouse 2a by two or more bucket 13a, The 
screw conveyor 6 for pushing for stuffing into the above-mentioned screw conveyor 5 for 
a transfer by lifting the particulate matter J collected by this collection machine 13, The 
band conveyor 14 which conveys horizontally the particulate matter J which has been 
arranged at the above-mentioned girder material 12, and was conveyed to the upper 
part by the screw conveyor 5 for a transfer by lifting on Quaywall G, It consists of chutes 
15 for showing the hopper 3 for a reservoir to the particulate matter J conveyed on this 
band conveyor 14. 

[0012] Next, the screw-type transport device 1 for conveying a particulate matter J is 
explained based on drawing 2 . In addition, although this screw-type transport device 1 
consists of a screw conveyor 5 for a transfer by lifting, and a screw conveyor 6 for 
pushing, it explains the screw conveyor 5 for a transfer by lifting first. 
[0013] Namely, this screw conveyor 5 for a transfer by lifting While being arranged free 
[ rotation in the tubed casing 21 supported by supporter material in the direction of a 
vertical, and this tubed casing 21 ], a shank (It is also hereafter called a screw shaft) It 
consists of rotation driving gears 23 made to rotate the screw 22 for a transfer by lifting 
(for it to be the screw with a shaft) with which it comes to prepare wing section 
(henceforth screw wing) 22b in a periphery and this screw 22 for a transfer by lifting of 
22a. In addition, in order to rotate a long screw, without being twisted so much so that 
drawing 2 may show, he is trying to make it rotate by three places. Of course, while the 



rotation ring (not shown) which fixed on the periphery of the screw 22 for a transfer by 
lifting is prepared in the tubed casing 21 in each [ these ] rotation part respectively free 
[ rotation ], the rotation drive of these rotation rings is carried out by one set of a motor 
26 through a drive shaft 24 and the gearing device 25. Of course, two or more sets of 
motors can be arranged on the way, it can be alike, respectively, without minding a drive 
shaft and a gearing device, and the screw for a transfer by lifting can also be rotated 
more. 

[0014] Next, while the screw conveyor 6 for pushing is almost horizontal and is 
arranged The tubed casing 31 by which the front end section was connected to lower 
limit feed hopper 21a of the tubed casing 21 of the screw conveyor 5 for a transfer by 
lifting, and feed hopper 31a of a particulate matter was formed in the back end section, 
While being arranged free [ rotation in this tubed casing 31 ], it consists of a screw 32 
for pushing formed in the shape of [ which does not have a shank ] a ribbon, and a motor 
33 made to rotate the rotation ring (not shown) in which this screw 32 for pushing was 
formed by that periphery through a gearing device. 

[0015] Here, the configuration of a rotation **** rotation ring is briefly explained for 
each above-mentioned screws 22 and 32. While the configuration using this rotation 
ring makes the rotation ring which is predetermined width of face and was formed in 
the periphery of a screw wing in the shape of a circular ring fix, it supports this rotation 
ring free [ rotation ] to a tubed casing side, and it is made to make it rotate it with a 
motor through the ring wheel in which this rotation ring was prepared by that 
peripheral face. 

[0016] By the way, as mentioned above, the summary of this invention is by applying a 
pressure to the conveyed object supplied in the lower part of the tubed casing 21 of the 
screw conveyor 5 for a transfer by lifting, and making it full [ continue and ] in [ whole ] 
the tubed casing 21 to offer [ the equipment which can perform efficient and small 
conveyance in a low speed, i.e., the noise, and ] especially the design approach. 
[0017] It faces designing such a screw conveyor, an important thing is getting to know, 
the pressurization condition (it also being called ******), i. e ., the pressure condition, of a 
conveyed object within tubed casing, and this invention person used to be made solve 
the pressure condition of a conveyed object theoretically, and to ask for the item 
(specification) of a screw conveyor there based on this formula while he draws the 
formula showing the pressure in the arbitration location in tubed casing. 
[0018] How to draw the formula which asks for the pressure of the conveyed object 
which the screw was full of within tubed casing arranged free [ rotation ] hereafter is 
explained. Here, in order to generalize a screw format in order to generalize the 
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candidate for application as much as possible so that the conveyance direction can apply 

to the thing from a horizontal to a vertical and, it explains as a screw conveyor with a 

shaft, and applies to that to which frictional force acts between screw conveyors still like 

a particulate matter and a massive object as a conveyed object. 

[0019] In addition, the next assumption is prepared in order to simplify a formula. 

** The conveyed object in tubed casing (particulate matter) touches all fields. 

** A pressure is the function of the die length (x) of the slot in a screw wing. 

[0020] ** Coefficient of friction of a pressure of a conveyed object and the contact surface 

by the side of a screw conveyor covers an overall length independently and is fixed. 

** The clearance between the outer diameter of a screw and tubed casing is disregarded. 

[0021] ** The conveyed object in the slot in a screw wing moves as a plug. 

Here, the notation used into the formula shown below is explained. 

[Explanation of a notation] 

C: Constant =(Db-2H)/DbDb^ screw outer-diameter Dm'screw pitch-diameter Dr'screw 
shaft diameter (bore diameter of a ribbon-like screw wing) 

E: Constant = (Db-H)/DbH : screw channel depth K:coefficient-oHateral-pressure = 
( 1 - sin2p hii/ l+sin2p hii) 

L: Screw conveyor effective length PL: Pressure POin conveyor die-length L : Pressure 
Bin a conveyor inlet port : Screw radius W: Effective width [ of a screw wing ] e: Screw 
wing thickness t: Screw pitch alphab: the bulk density eta of the object of the 
angle-of-torsion alphariscrew shaft diameter of the angle-of-torsion alphamrscrew pitch 
diameter of a screw outer diameter conveyed [ angle-of-torsion gamma 0 - internal 
frictional angle phi: Q f the object conveyed [ discharge effectiveness 
theta:drained-angle-of-repose phii:] - the object of a screw conveyor conveyed 
[ tilt-angle mub:], and a tubed casing inside - coefficient of friction (rhob=tan*lmicrob) 
mus: Coefficient of friction of a conveyed object and a screw wing side 
(rhos=tan- lmicrosecond) 

** a character b:screw outer diameter - section fp:screw side-face. push side fFscrew 
side-face length - side nvscrew average (center) diameter r:screw root diameter 
drawing 3 shows the equilibrium of the static force of acting on a part for one pitch of 
the wing section 42 in a screw 41, i.e., the minute part of the conveyed object it was 
[ object ] full of the slot 43 of a screw wing. 

[0022] When conveying in the condition of having made conveyed objects, such as a 
particulate matter, full, relation (keeping) with the thrust of the screw 41 to the 
frictional force which acts between conveyed objects and screws 41 concerned becomes 
dominant. 
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[0023] First, keeping of the force in screw shaft orientations is considered. In the state 
of keeping, the sum of the component of a force of the direction of a revolving shaft is 
zero, and is expressed with following the (l) type. 
[0024] 

[Equation 3] 



Here, if a coefficient of lateral pressure (the rate to the horizontal direction of the force 
of acting in the direction of a vertical is shown) is set to K, the relation of following the 
(2) type will be obtained. 
[0025] 

[Equation 4] 



Following the (3) type is obtained from the perimeter of the wing section 42 in a screw 

41, and the geometric relation to the screw itself. 

[0026] 

[Equation 5] 



If the relation of (3) types is substituted for the above-mentioned (2) formula, following 

the (4) type will be obtained. 

[0027] 

[Equation 6] 



If the above-mentioned (4) formula is replaced and arranged by following the (5) 

formula, following the (6) type will be obtained. 

[0028] 

[Equation 7] 
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Next, considering keeping of the force in the hand of cut of a screw, it is as follows. 
[0029] That what is necessary is just to consider the component of a force of the 
perpendicular direction to a screw shaft as the moment, the sum is zero and following 
the (7) type is obtained. In addition, (7) types are **(ed) by R. 
[0030] 

[Equation 8] 



Furthermore, (9) types will be obtained if it replaces with the notation which shows the 

multiplier of (7) types in following the (8) type. 

[0031] 

[Equation 9] 



If the above-mentioned (9) formula is **(ed) by (6) formulas, and following the (10) type 

is placed with k and arranged, following the (ll) type will be obtained. 

[0032] 

[Equation 10] 



Here, following the (14) type is obtained by replacing the above-mentioned (ll) formula 

with the notation shown in following the (12) type and (13) types. 

[0033] 

[Equation ll] 
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When it integrates with the above-mentioned (14) formula and initial condition is made 
into P=P0 by xb=0, the pressure Px in the location (x) of arbitration is expressed with 
following the (15) type. 
[0034] 

[Equation 12] 



Moreover, the dimension relation of a screw shall be expressed like following the (16) 

type. 

[0035] 

[Equation 13] 



By the way, when coefficient-of-friction mub of a conveyed object and tubed casing 
differs from coefficient-of-friction mus of a conveyed object and a screw and the direction 
of the slot in a screw wing is made into xb=L/sinalphab in order to change into screw 
shaft orientations, the pressure PL in distance L is expressed with following the (17) 
type from the inlet port in a general screw with a shaft, 
j [0036] 

[Equation 14] 
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Furthermore, the pressure PL when the medial-axis object (henceforth a fixed axis) of 
immobilization shall be inserted in a screw into the main hole of a screw with a shaft to 
a general ribbon-like screw without a medial axis and this general ribbon-like screw is 
expressed with following the (18) type and (19) types, respectively. In this case, 
coefficient-of-friction mub of a conveyed object and tubed casing and 
coefficient-of-friction mus of a conveyed object and a screw consider as an equal (mu) 
mostly 

[0037] In the case of a ribbon-like screw,* 
[0038] 

[Equation 15] 



When a fixed axis is inserted in a ribbon-like screw; 
[0039] 

[Equation 16] 



By the way, when it is in a fullness condition, for example, makes it lift and transport a 
conveyed object (particulate matter) to vertical above (for it not to be necessarily 
perpendicular), the pressure PL within tubed casing needs to take forward or the value 
of "zero" at least. 

[0040] That is, in (17) types, while expressing briefly the formula of PL which 
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substituted phi= 90 degrees like following the (20) type, following the (21) type is 
obtained from the conditions from which the value of this (20) type serves as forward. 
[0041] 

PL=P0xS-Tx (S-l)... (20) 

In addition, S expresses the part of exp of the right-hand side of (17) types among (20) 
types, and T shows the anterior part of the 2nd term of the right-hand side of (17) types. 
[0042] Here, if PL>=0, following the (21) type will be obtained. 
P0>=Tx (1-1/S) ... (21) 

Here, since it is **(l/S) 0, following the (22) type is obtained. 
[0043] P0>=T ... (22) 

In the above-mentioned (22) formula, the graph at the time of being referred to as P0=T, 
i.e., the need welding pressure in a screw conveyor, is shown in drawing 4 (conditions 
are shown all over drawing). In addition, more specifically (a) shows the case where it is 
the screw conveyor with vertical axes whose phi is 90 degrees, (b) shows the case where 
it is the perpendicular ribbon-like screw conveyor whose phi is similarly 90 degrees, and 
(c) shows the case where a fixed axis is inserted in the core of a perpendicular 
ribbon-like screw conveyor that similarly phi is 90 degrees. In addition, the axis of 
abscissa of drawing 4 shows a pressure, and the axis of ordinate shows the drained 
angle of repose theta (it mentions later). 

[0044] Moreover, it can ask for the welding pressure (henceforth [ it is also the pushing 
force and ] generating welding pressure) in the screw conveyor 6 for pushing by (17) 
formulas by the same approach as the above. In this case, phi of (17) types is made into 
0 times. 

[0045] The generating welding pressure in the screw conveyor 6 for pushing is shown in 
drawing 4 (d) and (e), especially (d) shows the generating welding pressure by the screw 
conveyor with a horizontal axis, and (e) shows the generating welding pressure by the 
level ribbon-like screw conveyor. 

[0046] Furthermore, drawing 4 (£) is a curve which shows the relation of the drained 
angle of repose theta and the discharge effectiveness eta in a screw conveyor. The 
above-mentioned discharge effectiveness eta is (the theoretical discharge of the real 
discharge / screw conveyor of a screw conveyor), and is expressed with following the (23) 
type. 
[0047] 

[Equation 17] 

Eta=tantheta/(tan theta+tanalphab) ... (23) 

Here, the discharge effectiveness eta and relation with the drained angle of repose theta 
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of a conveyed object are shown in drawing 5 . 

[0048] In (b) of drawing 5 , when the particle of an A point moves to A' point by one 
rotation of a screw, it means that the particle had moved only one pitch t as theoretical, 
and the discharge effectiveness eta is set to 1.0. However, by friction with a screw and 
tubed casing, and a particle, supposing the particle of an A point moves to a B point, the 
migration length of a particle will be set to etat and the discharge effectiveness eta will 
become small from 1.0. 

[0049] At this time, the eject direction of a particle became the line top which connects 
an A point and a B point, set the right-angled cross section and the angle to make to 
theta at the axial center of a screw, and has called this theta the drained angle of repose. 
Moreover, the development view of a screw wing is shown, the particle of an A point will 
move to a B point by one rotation of a screw, and, as for drawing 5 (a), the direction will 
have an include angle theta. 

[0050] And if AC is made into the periphery die length (piDb) of screw wing 1 rotation, 
eta can be expressed with the above-mentioned (23) formula from the relation of 
piDb=etat (cotalphab+cottheta) and t=pi Dbtanalphab. 

[0051] And (23) types which express this discharge effectiveness eta again can be 
expressed with the rotational frequency n of a screw as shown in following the (24) type. 
[0052] 

[Equation 18] 

Eta=tantheta/(tan theta+tanalphab) 
= Q/{(pi (Db2-Dr2)/4) (t-e) n} ... (24) 

However, (24) types show the case of a screw with a shaft, and, in the case of a 
ribbon-like screw, (pi(Db2-Dr2)/4) in this formula of parts become with (piDb 2/4). 
[0053] That is, from the above-mentioned (24) formula, if the discharge effectiveness eta 
and the theoretical discharge Q are known, it can ask for the rotational frequency n of a 
screw. However, what is necessary is just to determine with a rotational frequency n so 
that the discharge effectiveness eta may be satisfied in being a dimension about a screw, 
for example, having been decided mostly and changing Db, t, and e according to 
conveyance capacity etc. 

[0054] Here, the efficient design approach of the screw conveyor for a transfer by lifting 
and the screw conveyor for pushing is explained using the graph shown in drawing 4 . 
In addition, a ribbon-like screw conveyor shall be used as a screw conveyor for pushing 
here, using a screw conveyor with a shaft as a screw conveyor for a transfer by lifting. 
[0055] First, when designing a screw conveyor, the theoretical discharge Q based on a 
specification and its discharge effectiveness eta are determined as the beginning Ql and 
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etal (setup). Then, the drained angle of repose theta 1 in case eta is the predetermined 
value eta 1 can be found from the curve of the discharge effectiveness eta shown in 
drawing 4 (£), and it turns out that welding-pressure deltaP needed with the screw 
conveyor with vertical axes corresponding to this theta 1 is deltaPl from that curve (a). 
[0056] That is, to a screw conveyor with vertical axes, it is conditions that it is larger 
than deltaPl, welding pressure required to push in the particulate matter which is a 
conveyed object, i.e., the generating welding pressure in the screw conveyor for pushing, 
therefore the discharge effectiveness eta 2 and the drained angle of repose theta 2 
corresponding to deltaPl can be found from the generating pressurization curve of the 
ribbon-like screw conveyor of drawing 4 (e). 

[0057] Thus, based on the discharge effectiveness etal and eta2 in the screw conveyor 
for a transfer by lifting and the screw conveyor for press which were called for, screw 
speeds nl and n2 are called for from the above-mentioned (23) formula. 
[0058] And what is necessary- is to select a rotation mechanical component, for example, 
a motor, and just to operate that it is also at these rotational frequencies nl and n2, 
while determining the dimension of each part of a screw so that these rotational 
frequencies nl and n2 can be obtained. 

[0059] While making the screw 22 for a transfer by lifting in the screw-type transport 
device 1 of the material handling attachment 4 mentioned above as it is also at this 
rotational frequency nl operate If the screw 32 for pushing is rotated as it is also at a 
rotational frequency n2, a particulate matter J can be certainly lifted and transported in 
the condition that could push that it was also at need welding pressure about the 
particulate matter J in boathouse 2a into the screw conveyor 5 side for a transfer by 
lifting, therefore it was full within the tubed casing 21. That is, like before, compared 
with the case where a particulate matter lifts and transports in the condition with a 
clearance within tubed casing, at least about (for example, it becomes 40 rotation extent 
from 500 rotation extent) 1/10 rotational frequency can be lifted and transported, 
therefore conveyance effectiveness is good, and wear of machines can also offer a 
screw-type transport device with little noise few. 

[0060] Here, comparison examination is carried out about the welding pressure in each 
screw using a concrete numeric value. However, the dimension of the screw at the time 
of carrying out comparison examination is as follows. 

Screw outer diameter : ADb=1.0 screw shaft diameter : (Bore diameter of a ribbon-like 
screw wing) In phii= 25-degree drawing 4 Dr=0.4Db screw pitch: - t=1.0Db screw wing 
thickness: - e=0.07Db screw blade height: - H=0.3Db screw conveyor die-length: - 
L=20Db coefficient-of-friction: - s= mu b=mu 0.5 angle-of-internal-friction: -- (for 
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example, when setting discharge effectiveness to 0.33 for a perpendicular ribbon-like 
screw conveyor (i.e., when operating a drained angle of repose theta at 9 times), and 
when) The need welding pressure PR serves as about 1.3gammaDb, gamma is 1.2 t/m3, 
and when Db is 0.3m, the need welding pressure PR serves as 0.00459MPa(s) (2= 
0.0468kg/cm2 of 1.3x1.2x0.3=0.468 t/m). 

[0061] On the other hand, when discharge effectiveness operates a screw conveyor with 
vertical axes by 0.33 and operates a drained angle of repose theta at 9 times similarly 
When the need welding pressure PR serves as about 5gammaDb, gamma is 1.2 t/m3 and 
Db is 0.3m The need welding pressure PR will serve as 0.0176MPa(s) (2= 0.18kg/cm2 of 
5x1.2x0.3=1.8 t/m), therefore need welding pressure will be 3.8 times the ribbon-like 
screw conveyor. 

[0062] That is, compared with a ribbon-like screw conveyor, when discharge 
effectiveness eta is made the same, when there is no large welding pressure, in the case 
of a screw conveyor with vertical axes, it turns out that it cannot convey to a vertical. 
[0063] Moreover, when a drained angle of repose theta exceeds 10 degrees from drawing 
4 in the case of a screw conveyor with vertical axes, since the need welding pressure PR 
becomes large suddenly, the drained angle of repose theta in a screw conveyor with a 
shaft is considered that near 10 degrees is an economical upper limit, and its discharge 
effectiveness eta at this time is 0.36. 

[0064] On the other hand, with the ribbon-like screw conveyor with which the fixed axis 
was inserted in the ribbon-like screw conveyor and the core, if a drained angle of repose 
theta exceeds 15 degrees, the need welding pressure PR will become large and a drained 
angle of repose theta will be considered that the neighborhood is an economical upper 
limit 20 degrees. The discharge effectiveness eta at this time is 0.54. 
[0065] In such a screw conveyor for a transfer by lifting, it is desirable that the 
discharge effectiveness eta operates in 0.1-0.6 (a drained angle of repose theta the range 
of two - 25 degrees) (except for the example of a screw conveyor with vertical axes). 
[0066] Next, the screw conveyor for pushing is explained using a concrete numeric value. 
In the screw conveyor for pushing, operation to which the welding pressure PL becomes 
larger than the need welding pressure PR of the screw conveyor for a transfer by lifting 
is performed. 

[0067] In drawing 4 , with the same welding pressure as the need welding pressure in 
nine drained angles of repose of a perpendicular ribbon-like screw conveyor If the 
ribbon-like screw conveyor with which the fixed axis was inserted in the core is operated 
As opposed to the discharge effectiveness eta of a perpendicular ribbon-like screw 
conveyor being 0.33 The discharge effectiveness in the ribbon-like screw conveyor with 
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which the fixed axis was inserted in the core which generates the need welding pressure 
at this time is set to 0.42, and it turns out that the direction of the ribbon-like screw 
conveyor with which the fixed axis was inserted in the core has good discharge 
effectiveness. 

[0068] To a drained angle of repose theta being [ the discharge effectiveness eta ] 0.38 at 
11 degrees, in the case of a level ribbon-like screw conveyor, 25 degrees, a drained angle 
of repose is 0.6 and will be [ discharge effectiveness ] moreover, satisfied with the screw 
conveyor with a horizontal axis which generates the need welding pressure when 
operating a screw conveyor with vertical axes by the drained angle of repose theta of 9 
times of the need welding pressure of a screw conveyor with vertical axes. This means 
that the miniaturization of a level ribbon-like screw conveyor can be attained. On the 
contrary, discharge effectiveness can also operate [ a drained angle of repose ] a 
perpendicular ribbon-like screw conveyor by about 0.6 about 23 degrees. Moreover, 
when operating the ribbon-like screw conveyor with which the fixed axis was inserted in 
the core by nine drained angles of repose, the discharge effectiveness eta is set to 0.8 at 
40 degrees, and a drained angle of repose theta can carry out still more efficient 
operation in the ribbon-like screw conveyor with which the fixed axis was inserted in 
the core. 

[0069] By the way, in the gestalt of the above-mentioned implementation, you may be 
the ribbon-like screw by which the fixed axis has been arranged in the ribbon-like screw 
or the core although the screw with a shaft was explained as a screw 22 for a transfer by 
lifting, and although the ribbon-like screw was further explained as a screw 32 for 
pushing, you may be a screw with a shaft. 

[0070] Furthermore, although one screw conveyor 6 for horizontal pushing for it being 
horizontal to the screw conveyor 5 for a transfer by lifting mostly arranged in the 
direction of a vertical, and stuffing a conveyed object into it was formed in the 
screwtype transport device concerning the gestalt of the above-mentioned 
implementation as shown in drawing 2 For example, you may make it prepare screw 
conveyor 6B for inclination pushing pushed in by slanting above one between screw 
conveyor 6A for pushing which it is horizontal and is pushed in, and the screw conveyor 
5 for a transfer by lifting, as shown in drawing 6 . 

[0071] That is, when the specific gravity gamma of a conveyed object becomes large at 
each coefficient-of-friction mu list between a conveyed object, tubed casing, and a screw, 
the supercharge pressure P0 for making it the pressure within the screw conveyor 5 for 
a transfer by lifting become more than zero (PL>=0) becomes excessive, but as 
mentioned above, such an excessive supercharge pressure can be coped with by 
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arranging the screw conveyor for pushing to two steps. 

[0072] In screw conveyor 6B for inclination pushing, screw conveyor 6A for horizontal 
pushing receives screw conveyor 6B for inclination pushing through the movable joint 
51 to the screw conveyor 5 for a transfer by lifting. Moreover, with the movable joint 52 
While being connected respectively free [ rocking ], among each screw conveyor 5-6B 
and 6B-6A, the mutual cylinder equipments 53 and 54 for posture adjustment are 
formed, and it is constituted so that any shipping postures (shipment condition) of a 
conveyed object can be coped with. 
[0073] 

[Effect of the Invention] From the need pressurization curve in the screw which is 
obtained from the formula showing the pressure in tubed casing in the condition that 
the conveyed object was full, as mentioned above according to the design approach of 
the screw-type transport device of this invention While asking for the need welding 
pressure in the screw conveyor for a transfer by lifting corresponding to predetermined 
discharge effectiveness A transfer by lifting can be ensured [ efficiently and ] by asking 
for the engine speed of a screw from a discharge efficiency curve in the condition of 
having made the conveyed object full by making the screw conveyor for press driving 
the thrust exceeding this need welding pressure being also. That is, like before, 
compared with the case where a conveyed object is lifted and transported in the 
condition with a clearance within tubed casing, it can lift and transport that low-speed 
rotation is also, therefore conveyance effectiveness is good, and wear of machines can 
also offer a screw-type transport device with little noise few. 

[Brief Description of the Drawings] 

[Drawing l] It is the side elevation showing the busy condition of the screw-type 

transport device in the gestalt of operation of this invention. 

[Drawing 2] It is the sectional view of this screw-type transport device. 

[Drawing 31 It is the important section enlarged drawing of the screw explaining the 

principle for asking for the pressure within tubed casing of this screw-type transport 

device. 

[Drawing 4] It is the graph which shows a discharge efficiency curve to the need 
pressurization curve within each tubed casing of this screw-type transport device, and a 
generating pressurization curvilinear list. 

[Drawing 5] It is drawing explaining the relation of the discharge effectiveness and the 
drained angle of repose in this screw-type transport device. 
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[Drawing 6] It is the side elevation showing the busy condition in the modification of 

this screwtype transport device. 

[Description of Notations] 

1 Screw-type Transport Device 

5 Screw Conveyor for Transfer by Lifting 

6 Screw Conveyor for Pushing 

21 Tubed Casing 
21a Feed hopper 

22 Screw for Transfer by Lifting 
26 Motor 

31 Tubed Casing 

32 Screw for Pushing 

33 Motor 
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P x - P 0 «gp(- Mx b ) + 1L [exp(- Mx b ) - 1] ... (15) 

Sfc. Ui^a>^B8«*TlB (1 6) jSKD&^IZ 

[0 0 3 5] 
[«1 3] 

W b - (t - e) cos a h l 
W m - (t - e)coja m l ...(16) 
W r - (t - e)cwa r j 



^W*[fi]lcS8i-r4fcftlZ. xb=L/s i norb^-r^ 

.f3j3(+«ff*PLl*. TIB (17) 5er*a3Fn^o 
[0 0 3 6] 
[814] 



A%K(<»sa,c»sg-*tt)sa fc s^ 



HsmcL) cosa M (ksm cc M +E oosa m ) 



//Ey cos<*„ (Asm ^ -» cos^) 

AT^(cosa A iX)S0-*coia t sin0)-/4 - [2«E/(f -e)X*sina w + £cosa w )- /i # C(* sin a r cosa r + C cos 2 a J) 



■H 



KL {u A (cosa fc cosfl - A cosa, sin d) - [2HE /{t - e)X*sin a, + £ cog a )- n,C jjc sin a, coscr, + C cos 2 a,)} 

// sin a k cosa,, (* sin a m + £ cosa m ) 
-(17) 



')-] 



ft-PtlTte (1 8) jtfccfctf (1 9) iClCTS^tL-So 
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[0 0 3 7] 'J?t?>ttX$ 'J =L+><J)i%<g ; 
[0 0 3 8] 



1 5] 



g^jogsgt cosg - Jfccosc^sinfl - [2HE/(t - e)K*sina,, + £cosa, )) ] 
Hslna k cosa m (ksh\a m + Ecosa^ ) ~ — j 



HEycosa m (ksm4>- ticosf) 1 

HK\coscc h cosS -kcosa h smd - [2HE l(t - e)jjb sin a m + Ecosa m )}\ 



xlcxpl 



(/jKL{cosa h cose - freosa t sin $ - [2HE/(t - eftksm a. + Ecosa m )} \ ^ 
H sin a b cosa m (ksina m + Ecosa m ) I 
-.(18) 



[0 0 3 9] 

yKL {coscr^ + C 2 cosa r )cos# - *(cosa fc + Ccosa, )sin fl - [ZHE/fr - e)X*sin a m +Ecosa m )} 



Hsma k coia m (ksaia m +E cosct m ) 



^ *7ZEycosq, w (fcsm^- ^cos^) 

/^C^cosor^ + C 2 cosa,)cos0 - *(cosa fr + Ccosa r )sin0 - [2HE/(t - ejfcsin a m + Ecosa m )} 

c L^f gjgjg?!£g* + C * cosa r )cosg - ^(cos^ + C cosgjsinfl- [2HE/(t - g)X*sinq,. + gcosc^ )} \ J 

..(19) 



tz^x*. mBL&ty (mm) zmmvimT*. 

[0040] -T*:^^. (1 7) itlCfclxT. 0 = 90 
KSftALfcPL^SC*. TIB (2 0) *£tD£ 3 l^fS* 
lc*ftttfc. CO (2 0) StDtttfiEtttSftftA* 
bs TIB (2 1) ai<Hbh5o 

[004 1] 

P L =p 0 xS-Tx (S — 1) ■ ■ ■ (20) 

(2 0) SC*. SI4 (1 7) xCCD^iSCDe x p CD 

Sfl#£«u Ttt (17) a<7>«rizz(Z)*2aa>iiir»*« 
[0042] ::t\ pl^o t-rz>t. TIB (21) 

PO^Tx (1-1 /S) • • • (2 1) 

:CT\ (1/S) =0T^fc^ TIB (22) 

[0043] PO^T ■ ■ • (2 2) 
fc*>\ ±IB (2 2) jEtlCfc^T. P0= T <b L/cig^CO 

77 = t a n 0/ ( t a n 0 + t a 



(a) IZTSU BC< 0*<9 OJST'fc&SltU 
'#>ttx^ Ui^3>^-V<B»^£ (b) l:t^L, g| 
i:< 0:6<9 Og-C&^Stt'J^VttX^ 'Ja^3>/<-V 
0)*'C>lcH36|(i»*<»A*tLfcii^* (c) fCT^fo 
H4(D*«i4<BE»**L. «Ktt*<#mft0 (fft2 

[0 0 4 4] ±IB£^f£<7):S;£ICT. ff&ffiX^ 

t. M±-hmtit^o) (1 7) xt(cr3}t^^c<t 

CKDH^. (1 7) jCcO0f4OSi:*H^o 
[0045] 04 (d) fcckUC (©) |C. »&/flX*'J 

□L^a>K^6fca3l+ftfl8±lQBE**«L. Wlc* 
(d) ya.^3>KAMcJ:*»£inEE 
*j£SU (e) (47K¥ , j7K>ttX^ 'Jn^7=l>K-V|- 

[0046] $?>IC % 04 (f) (4, X<7'Jzl^I]>K 

aa*/x^"ji^n>K^a>a»»ai«) -c*y, tib 
(2 3) xti^ra^+i^o 

[0 0 4 7] 
[»17] 

n C*fc>) " ■ • (2 3) 

[0 0 4 8] 05(7) (b) lrfcL^T, A X £ 
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y 1 t£y* 1 tzimwiLtzztiztjuj^ mmtomnit 

<t*4^<>: CDJgfglc dc y . A £<7>&^*<B Ltz 

1*1. o«i:y/h*< 

[0 0 4 9] C©i^, ffi-7-a)»UJ*fiJI4, AitBS 
i: £f£^&± <»: & y , X >J a ^©ffrblcitS 'SBr S <k 

0 5 (a) I*. X^'Ja.-!7^«©«BBBIS^LTfcy. 

7? = t a n 0/ ( t a n 0 + t a 
= Q/ { (7T (Db2-D r 2) / 

<su (2 4) iCteWtt^^y^witi^^LTfc 
y. y^>ttx^ y i^co^^icii. (tt (d 

b 2- Dr 2) / 4 ) a)g|5»A<. (^D b 2/4) £U%> 0 
[0 0 5 3] % ±|S (2 4) xtA^ S^iUSi* 

77 fccfcr/3gii^aifiQ36<»*^i*. x-7 y ^(deieIS 

n ^^ift^Ct tfT'ZZ, {B L, Db, t"7 X? 

y a. ^icM-r-s^-srfe y . m^tm^m^i: icjs c 

[0054] ccr*. 0 4ic7fv-r^*^^$ffl^r. }iM 
fflx^ y i^av-^-Vfccfcr/ffjAfflx^ 'j 3.-7=1 >^--v 

-7zi><<-V£ffli^*,<z>i: u £fci?&JHx? y 
>^-Vi: LTyTt-O^x^ y :x<7=i><<-y £8^-5 

[0 0 5 5] x-7 y i^n^^-VOlSI+^tT-pli 

-ixfc, 0 4 (f) l=*-r»teJt!i*^a)*ldl^6, 77 7b<RFf 
3£fit 77 i<&i: #©*fcfciS 0 1 A<3?£ y . Z(D 0 ilc^fE-T 

TDAPli, (a) frP> A P 1 T'&3 C <t A<#fr 

[0 0 5 6] -T^f^*,, SitlS^^X^ 'J 3.-7ZI 

flDETJ. t-^-feffiifflX-? y o.^a>'<-\'|zfc(t*fg 
<£1}Q JE* 14 A P 1 «fc y * £ is C t A<£ fey. L 7= A< 
^Tl4 (e) <Dy7t-c>tfcx-7 y i^aV^-VCOfl^Q 

[0 0 5 7] drocfcdlCLTjfc&^ftfcJIjgfflX'? 'J i 
'7=)><<-VfcJ;7j;j?Efflx^ y ^Oa^^A'lrfclt^^ 

a«»*i7liSJ:tf»7 2l=*'3#. ±12 (2 3) 3£t^<E>. X 
? 'Ji'7[H]$EStnlfcJ;l/n2A<*tot»tL-5 0 

[0 0 5 8] fLt> Z\0>mmn-lt$&lfn2$:'&h,H 
&&5lz. X^ y a.^roS-SPO-cl-Jt^^-r-Sti:*, 



[0050] tit, AC^^'ji^sisfja)^ 
Jl^$ ( 7r D b ) ir-f-Si:. 7r Db= 77 t (cotab+ 
b t a n a\ 3 <DMVk& y . 77l4±fB 
(2 3) aizXSttZbtfiT!**. 

[0051] -t lt, *fcc©»ma!i*i7$a-t (2 

3) 5tl* s TIB (2 4) xCI^-r <t 7 ICX -7 'J J. ^(7)0 

$f ft n r-a-r c t a<t* * -5 . 

[0 0 5 2] 
[»1 8] 

nab) 

4) (t-e)n) ••■ (24) 

1 33«fctf n 2T- 1 oTil$£$^x.l4cfclV 

[0 0 5 9] CCDIUKgilnir-t oT. ±S£ Lfc^S:3£ 
14(DX^ y^«7aS&)HgSl ICfc(t4^JHfflX^ ija 
72 2 ^31$e$1J-^ turtle, EHE»n2T?*oT*Pa 
fflX<7 y i73 2£[H]i££l±*tli\ ISt2art©Mtt: 
J£» i&gAnE7JT'toT*§j&fflX-7 'J a7P>^5 

uiitr c t *<t*£, Lfcjb<o r ©tt>7— > 2 
1 ftvftmLtzVimx'®%L&ij$:mn\zmKk-tzzttf 

/ 1 0?ig («iJk.I4\ 5 0 0 laI|£aSA^ 4 0 HSSflJS 

»3na*A<A<. mnm±ommi'j?ti:< . s.^mt< 

>pt£ L^X ^ 'J a. -7 jCHSJiM^S * ffitt-f ^ ^ t *<T* # -5 . 
[0 0 6 0] CCf, ft<*6<J&i&fit£/BlNT, =&x-7y 

«lft-r-S)K5<DXr7 'J a.'7CDTt;SliTfB©®yT-fc^ 0 
X^7 'J i^M-g : Db= 1 . 0 

X7Ua7ttS (y/t?>ttX-7 'J a^^gCD^S) : D 
r=0. 4Db 

X-7 'Ja^e-Vf : t = 1 . 0 D b 
X-7 y jL^^ffiJi: : e = 0. 07D b 
X7'Ja^lfii|$ : H = 0. 3 Db 
X^7 y V^^gS: : L = 20Db 

&&%%L : Mb=Us=0. 5 
rtSf50^ : 0 i = 2 5° 
lil4lCfcL^T. 0>J*l*gtty 7H>ttX-7 'J 

sttti3a*^o. 3 3ic-r^ii^, -r^t>*.^ttift0 
*9STfaigf «*^tt. asftiE*} PRtt*t 1 . 3 r 

Dbt^fy, r**1. 2t/m3r*. DbA ? 0. 3mT*fe 
StJtt, ^JPHTDPRliO. 0 0 4 5 9MPa 
(1. 3 X 1. 2 X 0. 3 = 0. 46 8 t/m2=0. 
0 4 6 8 k g/cm2) f«C4. 

[0 0 6 1 ] CtUCttLT. SBM4f*#X^ Ui93> 
y. rA ? 1. 2 t/m3X', D b A<0. 3 mt'fc^i ^ 
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I*. f&^JQE^PRliO. 0176MPa (5X1, 2 
X0. 3=1. 8 t/m2=0. 18kg/cm2) £ £; 

■V03. 8f»tte*. 
[0 0 6 2] -Tfcfrtu SWSS!l*77&H-|CUfcii$. 

[0 0 6 3] @4^b, Slt$4tt£x^ U zl^zi 

>^(Dm^. mmftenfi-i omzm^zt. «&kjpbe 

>^re<D#tHft0l*l oa#ifi*<»»M±IBT?fcS4: 
#*_£>tU C(0i#(DSEtti$!l¥7?te. O. 3 6T*£>£ 0 
[0 0 6 4]—*. U7K>ttX^7 'Ja^a^fc^ 

■v-eii, swift e*<i 5S£«**i. j&RajE^PR 

o 

[0 0 6 5] C©J:3>EE»3tfl!X* 'J >K-y (B 

ttlfttt^X-? 'J i^a >-<-V<7)^J)a9l-T-li) Icfcl,-*T 

i*> swia**77*<o. i~o. 6 (stab^e-ei*. 2jg 

~2 5Jt<Z>foB) <DfEHT*5i$£-f -S^tf^LUo 
[0 0 6 6] JfcfC, ff&IHX-? y i^zi^-VI::-^ 

^•vicfcuri*. ^cdAqeetdpltK HiMfflx? y 3. 

-7 a ^-VO&gAnEETJ PR «fc y < 5 J; -p fcSIs 
[0 0 6 7] HMd^T. Sit 'J Tt^ttX'? 'J j. 

■VCO^a3S!l* 77 7b<0. 3 3T*fc£<7}|::*fU Z\CT>t^<D 

[0 0 6 8] Sffi$lM<t£X£ yi-t73 1/^-^*9 

¥$SM^X^ U i^zjV^VT?!*. Otitis IS 

^tbSft^^A^O. 3 8T*fc<5(DI::*tU 7K¥'J7f*> 
ttx? y >^A»(D»#tt, m&m<25fe. mta 
o. Btt$ditt#x£ y jl^ziv^^ot^ 

ttx-7 y i0a>^©/hSHt£E]y^.5>;r,t£«B*L 

tl^. iSic Bity/K^ttx^ y >K-v^#tb 
aa<*5j 2 »tb*»*ft<g] 0 . 6 r*ji$£-t-S> c <t *>t* 



I*. £ & U:5»*OT«fcl^a$E£?- -set 

[0 0 6 9] i:C?.r\ ±teSi6cDJf$ffllZfcL^XI4 s J§ 
aSJBX^'J a«7 2 2<t LT*ffr#**'J:i«>£iftBLfc 

fr\ y7t?>ttx$ y i-!7Sfci*4"i>Sfi-@^tii**<iHS 

[0070] ^toic. iiBHSEro^^ic^^x^y^.'t? 

fiT-IEfi^tifcfgilifflX^ y i^a>K-V5l=a«iS1* 
^7K¥^riS]T?}¥Lixi;fcto(7)7j<¥#ixfflx^ y a-)a > 

73[a]-e»Lixt;ffjXfflx-7 y o.'7=ii/K^6 At, Sit 

tiMS£H?&fi3X£ 'J i-^a^^e B^iSlf-S^-plcL 
[0 0 7 1 ] -T&frto, a*»*4:»«^r-S/>^*iJ: 

i/x^ ya.->ta>iB<D#j»ai«»/iMt/i=a«ai«i<DJt 

•V5flT?(7)Jl737b<-(f DJil± (Pl^O) ir^C^Jc^lc-r 
3f=to(D#jA.!I±IP0#ii*£fc-£7ii<. _tS!>Lfccfc? 

[0072] ^fliXfflx-7 y a-^avK-ve b 

tt^iUfflX^ 'J 3. ^ =1 5 LT nliS^ 5 1 £ 

ffj^fflX^ y j.-t73 V<-\»6 Blc3PfLTRlS!im¥-5 2IC 
«ty, ^4x-?^SiSg^tlcSiiS$tL-5 title. #x-7 

Ua>73^5 : 6B, 6B : 6 AfBjlCfi. 2t,*CD5g 
[0 0 7 3] 

[^BJCOam] Jil±ro«fc7l^^<7)X^ 'J 3.0iCS&j2l 
Wtt^r— V>^*WC7))E7J ^a-rf+SCxC^ tof# to*t-l>X-7 

t&iz, mni&]m&&frt>x<7 y i^roiHUsss^* 

fflX-7 y o.'7=i>'< J r£lgl!)$-l±i,Ci:lcJ:y, aSfejH 
Hi £ Itffi $ < Rimmiz'n 5 z 

<t*<T-^^)o -r<ftPto. ftSSWJcdlc, ffitt-b— »>^-7* 

[Biscofssm^si^] 
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t£*0T-fc-5> o 
[0 5] U3.^SC«ai»«l=fc(t4»U«!(*t» 

aiftt<z)H«*iK^-r*ia-c**. 



5 li&ffl;** iJa-J^^ 

2 1 ■ 
2 1 a ttf&P 

22 m&mxzva.*? 

2 6 

3 1 (iitt^-->>?* 

3 2 'Ja"5 

3 3 mum 



[01 ] 



[02] 




21a-{J«&n 
22HKKJIX0U:x9 

31™IWW-i'>f 
32"ffiHBX0 'Jai> 
33- 




[04] 




fl.M 0.14 
0.2 0.3 0.4 0.( 0.01.0 
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